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Planting of trees and shrubs for protection purposes on farm and 
range lands of the northern Great Plains is an important factor in 
the establishment of comfortable and attractive homes in that area. 
The plantings give much needed protection in winter to farm buildings, 
livestock, and feed lots against cold winds and drifting snow, and in 
summer against strong, hot drying winds that damage orchard, 
garden, and other farm crops. The trees and shrubs attract birds, 
which destroy many injurious insects. Such plantings also increase 
the value of farm property. 

On the northern Great Plains, limited rainfall, occasional periods 
of severe drought, extremes of temperature, a high rate of evaporation, 
and strong drying winds during the growing season present difficulties 
im tree and shrub growing that are unknown in the higher rainfall 
and irrigated areas of the United States. 

Testing of species to find those that will prove hardy under the 
prevailing climatic conditions is requisite in any planting program for 
the area. Such a testing program was started by the United States 
Department of Agriculture at the Northern Great Plains Field 
Station, Mandan, N. Dak., in 1913 and was extended with the co- 
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operation of farmers on the northern Great Plains in 1916. The 
testing of species is only one of the lines of work with trees and shrubs 
that has been carried on by that station. This publication gives the 
results of the testing program at Mandan and on farms during the 


period 1913-50. 
CEMA 


The climate of the northern Great Plains is classed as semiarid. 
The amount and distribution of the seasonal and annual precipitation, 
however, vary from year to year. 

The monthly, growing-season (April-September), and annual 
precipitation at the Mandan station for the years 1914—50 are given in 
table 1. Precipitation during the growing season ranged from 2.96 
inches to 21.36 inches, with a mean of 12.34 for the 37-year period. 
This mean is about 78 percent of the average annual precipitation 
of 15.91 inches. The annual precipitation ranged from 6.43 inches 
to 24.06 inches. The years 1934 and 1936 were severe drought years; 
precipitation was 8.13 inches in 1934 and 6.48 inches in 1936. 

The trees and shrubs used up all available moisture in the area 
occupied by their roots during the growing season of almost every 
year. The average precipitation of 3.57 inches, or 22 percent of the 
total annual precipitation, which fell during October through March, 
was not sufficient to replenish the water supply exhausted by the 
trees and shrubs during the preceding growing season (April—Sep- 
tember). After a few years of growth, therefore, the trees and shrubs 
had to rely largely on current precipitation, although in some plantings 
at least water was available in the soil immediately below that occupied 
by roots. Soil moisture determinations made in old tree and shrub 
plantings in 1936 showed that the available moisture at depths of 8 
to 10 feet was identical to that found in 1917, 1918, and 1919. 

The mean monthly and the maximum and minimum daily temper- 
atures; the mean, high, and low monthly evaporation from a free 
water surface during the growing season; and the mean monthly 
wind velocity for the years 1914-50 at the Mandan station are given 
in table 2. Yearly temperatures show a range of 161° F. Rate of 
evaporation during the growing season was nearly three times the 
total precipitation during the same period. 

The average frost-free period for the years 1914-50 was 137 days. 
The longest period was 172 days and the shortest was 115 days. 
Dates of the last killing frost in the spring ranged from April 19 to 
May 29, and of the first killing frost in the fall from September 9 
to October 8. 

Climatic data’ for the northern Great Plains show temperature 
extremes ranging from —63° F. to 121°, frost-free periods ranging from 
89 days to 161 days, and annual precipitation ranging from 9.39 inches 
to 24.20 inches. 


1 From the USDA Yearbook for 1941, Climate and Man. 
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Tree and shrub species at the Mandan station were tested on 
Cheyenne fine sandy loam soil. Fine gravel, encountered in_ the 
fourth to fifth foot, grades into fine sand in the seventh to beyond the 
tenth foot. Water penetrates the soil readily, but the holding capacity 
of the soil is low from the fourth foot through at least the tenth foot. 
A high percentage of the water held was available to plants. Most 
of the tree roots fed. from the surface 3 or 4 feet. On farms testing 
was on a wide range of soils that varied from sand to clay. Only in 
rare cases were farm plantings made on sites that had a water table 
sufficiently close to the surface that it could be penetrated by tree or 
shrub roots. 


METHODS OF TESTING 


Species tested were received either as seed or seedlings from the 
following sources: Division of Plant Exploration and Introduction of 
the United States Department of Agriculture, commercial nurseries, 
or local collection. Testing to determine hardiness, usefulness, and 
general adaptability of the various species for windbreak purposes 
was done in one or more of the following ways: (1) In nursery rows; 
(2) in arboretum plantings of 1 to 10 plants; (38) in block plantings of 
pure stand of approximately 100 plants each, spaced 4 by 4 feet, or of 
49 plants each, spaced 6 by 6 feet; and (4) in cooperative farm wind- 
break plantings where the species were planted in rows, usually be- 
tween or adjacent to other species. Small numbers of plants were 
always tested in the nursery or arboretum rather than in the block 
plantings. Some species were tested in the arboretum, in blocks of 
pure stand, and in the farm windbreak plantings. 

A few seedlings of some species were planted on the station grounds 
as ornamentals at the same time that the test-block or arboretum 
plantings were set out. The ornamentals received a limited amount 
of irrigation after 1920. Their growth and survival was compared 
with that of trees or shrubs of the same species growing under dry- 
land conditions. 

All species at the Mandan station received clean cultivation each 
year to control weed growth and to keep the soil in suitable condition 
for absorbing rainfall. Annual notes on growth, survival, winter and 
other types of injury, and setting of terminal buds were taken at the 
end of each growing season for all station plantings except the orna- 
mental ones, and every 5 years for the cooperative farm windbreaks. 

The scientific and common names and the or igin of all species that 
were tested during the 1913-50 period to determine their suitability 
for windbreak purposes are given in table 3. Those species which 
carry a Plant Introduction (P. 1.) number were introduced from foreign 
countries by the Division of Plant Exploration and Introduction of 
the United States Department of Agriculture. Nearly all lots of seed 
and seedlings were given an accession number for identification when 
they were received at the Mandan station. 
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PRESENTATION. OF DATA 


A total of 373 tree and shrub plantings, composed of 215 species, 
were tested. Of this total, 146 plantings survived for 10 years or more. 
Eight additional plantings, which were alive in 1950, had not been 
erowing for a period as long as 10 years. Of these 8 plantings, 3 were 
duplicates of species that had been tested for 10 or more years, and 5 
of them were of species that had not been tested previously. The 219 
plantings that did not survive for 10 years are identified by footnotes 
in table 3. These footnotes show: (1) Plantings that failed to become 
established—which includes failure of seed to germinate; (2) those 
which became established for the first season but did not survive the 
following winter; and (8) those which lived 1 year or more but did not 
survive for 10 years. 

Those species that survived for 10 years or more are listed in table 
4. The table also includes survival data at the first, fifth, and tenth 
years and in 1950, and height at the tenth year and in 1950. The 
ability of the respective species to survive under the prevailing climatic 
and other conditions can be judged by comparing the survival in 1950 
with that at 5 years of age. Losses that occurred during the first 2 or 
3 years may more accurately be attributed to difficulty of establish- 
ment than to inability of the species to survive the prevailing con- 
ditions. The survival data at 10 years of age give an indication of 
when the losses, if any, took place. 

Additional data that follow on these species include also that from 
other plantings at the Mandan station and from plantings on cooper- 
ative farms and elsewhere in the area. 

Based on results of tests by the Mandan station, a listing of tree and 
shrub species recommended for planting on the northern Great Plains 
is presented in table 5. An index showing suitability of the respective 
species for windbreak, wildlife-cover, and ornamental purposes is also 
given, as well as an index showing the response to dry-land conditions 
and irrigation. 


TREE AND SHRUB SPECIES NOES 


Abies holophylla.—Testing of this species was confined to the 
Mandan station. The absence of any appreciable amount of winter 
injury indicates that the species may have some promise for use 
in the area. 

Acer ginnala.—The four test plantings of this species at the station 
suffered heavy winter injury following the 1936 drought. Winter 
injury was not severe in any other year. Test plantings were made 
on cooperating farms in 1917 and later years. A high percentage of 
these plantings lived for only a few years and killed back repeatedly 
during the period they were alive. Several shrubs planted as orna- 
mentals on the station grounds in 1916 received a limited amount of 
irrigation. These gave a much better showing in growth and survival. 
The foliage of this tall shrub is highly colored in the fall, which makes 
it an attractive ornamental. It is not recommended for dry-land 
planting but is suitable under irrigation for either windbreak or 
ornamental purposes. 
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Acer mandshuricum.—This species was tested at the Mandan 
station only. Loss was suffered after the 1936 drought. Growth 
habits of this species would class it as a tall shrub. Data indicate 
that it has promise for dry-land windbreak or ornamental planting. 

Acer negundo.—This species was widely tested over the northern 
Great Plains. It was highly subject to winter injury, the extent of 
which varied from year to year, depending on moisture conditions. 
The trees in most dry-land plantings were killed to the ground by 
such injury following the droughts of 1934 and 1936. This species 
makes a rapid recovery when moisture conditions are favorable 
(fig. 1). The trees have a wide-spreading habit of growth, which 


poses oS 


Mine ee 1.—T hese 234 vear- old trees of Acer hepina erowing under dry dnd con- 
ditions made an excellent recovery in 1938 following their killing to the ground 
in the fall of 1934. Annual precipitation was approximately normal! or above 
in 1935, 1937, and 1938. The most severe drought of the 1914-50 period 
occurred in 1936. 


may cause suppression of species in adjacent rows. ‘Trees of A. 
negundo are useful for windbreaks on sites that have favorable 
moisture conditions. 

Acer saccharinum.—This species has been planted to some extent 
for both dry-land windbreak and ornamental purposes in the area. 
The trees suffered winter injury in most years. Such injury was 


severe in the winter following the drought O11934 Ale species 


did quite well as an ornamental under irrigation. Ii is highly rec- 
ommended for both windbreak and ornamental plantings under 
irrigation. 

Acer tataricum.—This species has been planted to a very limited 
extent in the area. It closely resembles A. ginnala in growth habits 
and in the fall coloring of foliage. Losses were heavy in the late 
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summer of 1936 and in the following year as a result of the severe 
drought conditions. Shrubs planted on the station grounds and 
under irrigation remained free of winter injury and progressed quite 
well. A. tataricum is recommended for both windbreak and 
ornamental planting under irrigation. 

Acer sp. (7550?).—This species, originally from northern China, 
lived for 13 years, although new growth was killed back each year. 
It cannet be recommended for planting in the area. 

Amelanchier stolonifera—This species has been used to some 
extent in home-orchard plantings throughout the area. It is hardy 
but has a very dwarf habit of growth and suckers profusely under 
cultivation. Heavy crops of fruit useful for pie and sauce were 
produced in most years. The species is more suitable for planting 
in the home orchard than as a windbr eak tree. 

Betula papyrifera.—Data on this species are confined to plantings 
at the Mandan station. Winter injury was very heavy after 1925. 
The last trees died in 1934. It has no value as a dry-land windbreak 
tree. 

Betula populifolia——Data on this species are confined to plantings 
at the Mandan station. Trees suffered varying degrees of killing 
back in most years. The last trees of one test “block died in 1934 
and those of the other one in 1935. A few trees planted on the 
station grounds in 1916, and which were irigated since 1920, did 
much better. Winter injury to these trees was minor and none died. 
The species has value as an ornamental only under irrigation. 


FicuRE 2.—Trees of Zoe sp. severely injured by drought, as they appeared 


in June 1934, at Mandan, N. Dak. 


2 Mandan accession number. 


TREES AND SHRUBS FOR THE NORTHERN PLAINS 27 
a 


Betula sp. (1594).—This species, native to the Killdeer Mountains of 
North Dakota, suffered periodic injury prior to the drought of 1934 
and severe injury that year (fig. 2). All trees were dead in the spring 
of 1935. The species is not recommended for planting in this area. 

Caragana arborescens.—This species has been widely planted for 
windbreak purposes on the northern Great Plains. It is both cold- 
and drought-hardy but will not survive in low areas that remain 
wet for long periods. The species does not thrive as well on very 
sandy soils as it does on the heavier types of soils. It has proved 
to be one of the best shrubs for planting in outside rows of windbreaks. 
Insects frequently defoliate branches and injure terminal growth. 
This makes the species unsightly. Another unfavorable feature is 
that leaves drop early in very dry seasons. Despite these objectionable 
features, the species is highly recommended for windbreak planting 
except on wet or very sandy sites. 

Caragana fruter.—This species was under test at the station for only 
6 years, but it had been grown to some extent in the area for a longer 
period. It proved to be hardy, but lack of height makes it more 
suitable for ornamental than for windbreak purposes. 

Caragana microphylla var. mandshurica.—This species was tested 
at Mandan only. It proved to be hardy and appears to be satis- 
factory for planting in the area. 

Caragana pygmaea.—This species has been used to some extent for 
ornamental purposes throughout the area. It proved to be quite 
hardy, but it lacks suitable height for windbreak purposes. 

Caragana sp. (P. I. 107664 *)—This species proved to be hardy. 
It is more resistant to defoliation by insects than are the other species 
of this genus. Its growth habit is semiprostrate. The species has 
no value for windbreak planting but would be suitable as an orna- 
mental or for wildlife cover. 

Caragana sp. (P. I. 108051).—This species, dwarf in growth habit, 
proved hardy. The slow growth of the species makes it of no value 
as a windbreak shrub. The sharp spines developed are excellent for 
wildlife cover but limit its use for ornamental purposes. 

Caragana sp. (P. I. 108332).—This species proved hardy but its 
dwarf and spiny growth characteristics limit its use to ornamental 
or wildlife cover purposes. Some of the trees developed a spread 
of 10 feet. 

Catalpa bignonioides—This species has been used to some extent 
in the southern part of the area. The wood of the trees in the test 
planting failed to mature in the fall and killing back, usually to the 
ground, resulted. The trees sprouted prolifically from the base each 
spring and grew 7 or 8 feet during the season. It is not recommended 
for planting in the area. 

Catalpa speciosa.—Behavior of this species was similar to C. 
bignonioides. It is not recommended for planting in the area. 

Celtis occidentalis.—This species is native to the eastern half of 
both North and South Dakota and has been used to a limited extent 
in windbreaks throughout the northern Great Plains. There was 
considerable killing back and losses in stand in windbreak plantings. 


3 Plant Introduction number. See p. 3. 
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Certain strains were found which had a high degree of resistance to 
winter injury. In the test planting at the Mandan station, many 
of the trees in inside rows were suppressed by trees in the outside 
rows. Some trees in outside rows were 50 to 60 feet high. This 
suppression was responsible for some of the losses in stand. The 
species responded very favorably to irrigation. It is recommended 
for windbreak and ornamental purposes under irrigation and on 
dry-land sites where the moisture supply is favorable. 

Corylus heterophylla.—This species was tested at the Mandan station 
only. It made a dense, bushy type of growth, which killed back 
severely during the dr ought years of 1934 and 1936. It does not bear 
much fruit. On the favorable side, it does not have the objectionable 
suckering habit common to some species of Corylus. It has no value 
for dry-land windbreak planting. 

Elacamus angustifolia—This species has been extensively planted 
for windbreak and to a lesser extent for ornamental purposes through- 
out the area. It showed considerable variability in winter hardiness, 
depending largely upon soil moisture conditions in the fall. Winter 
injury usually was heaviest following a wet autumn. Retention 
of leaves late in the fall makes the trees subject to breakage by sleet. 
Also, as the wood is somewhat brittle, large trunks are sometimes 
broken by gusty winds or drifted snow. FE. angustifolia does not 
thrive in shade. Suppression by shade caused much of the injury 
and loss in the test block. The species is recommended for both 
dry-land and irrigated windbreaks. The species should not be 
irrigated during late August or in September, as maturing of the wood 
and setting of terminal buds would tend to be delayed. 

Elaeagnus umbellata.—Testing of this species was confined to the 
Mandan station. Winter injury was severe each year, particularly 
after 1940 when fall soil moisture was higher than average. Heavy 
losses occurred during the severe drought years of 1934 and 1936. 
The species has no value for planting in the area. 

Elaeagnus sp. (7551)—This species, originally from northern 
China, survived for 11 years but killed back heavily each winter. It 
is not suitable for planting in the area. 

Frarinus americana.—This species was tested at the Mandan station 
only. It suffered heavy injury and loss during the severe drought 
years of 1934 and 1936. Several trees were badly infested with the 
carpenterworm, Prionorystus robiniae (Peck). The species is not 
recommended for dry-land planting but is believed to be suitable for 
planting under irrigation. 

Fraxinus holotricha.—Testing of this species was confined to the 
Mandan station. The trees suffered heavy killing back each year. 
The species is not recommended for planting in the area. 

Frazrinus mandshurica.—This species was tested at the Mandan 
station only. Killing back was severe after 1947. The species has a 
very erect form of growth and has a narrow crown (fig. 3). This 
erowth form makes it a desirable type for ornamental purposes if 
supplemental water is available. It has no value as a dry-land wind- 
break tree. Leaves are dropped early in the fall. 

Frazinus nigra—This species was tested at the Mandan station 
only. The trees were killed back severely during the drought years of 
1934 and 1936 and to a lesser extent in other - years. Many of the 
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Figure 3.—Trees of Fraxinus mandshurica have a very erect form of growth and 
have narrow crowns. These factors make the species desirable as an ornamental 
if supplemental water is available. 


killed-back trees became suppressed. The species has an erect form 
of growth and a narrow crown, which makes it desirable for ornamental 
purposes if irrigation water is available. It is not suitable for dry-land 
planting. 

Fraxinus pennsylvanica var. lanceolata.—This species is native to the 
area and has been widely planted for windbreak and ornamental pur- 
poses. The trees suffered heavy winter injury during the severe 
drought years of 1934 and 1936 only. The species does not thrive in 
shade; trees suppressed by shade frequently kill back. Weakened 
trees are susceptible to borer infestation throughout much of the area. 
This species is one of the best for windbreak purposes both under dry- 
land conditions and under irrigation. 

Fraxinus sp. (P. I. 65866).—This species was tested at the Mandan 
station only. The trees were killed back frequently and they showed 
no promise of being suitable for dry-land planting in the area. 

Gleditsia sinensis —This species was tested at the Mandan station 
only. Severe winter injury occurred each year prior to 1947. It was 
less severe afterward. Failure of the species to set terminal buds in 
the fall makes its value for use in the area doubtful. 

Gleditsia triacanthos—This species has been planted to a limited 
extent throughout the area. Ordinarily, the trees are subject to killing 
back during the winter months. However, a few were found which 
have been entirely cold-hardy to date. The species will not be recom- 
mended for general planting until favorable results are obtained in 
further tests. 

Halimodendron halodendron.—This species was tested at the 
Mandan station only. Winter injury was never severe. H. halodendron 
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is shrubby in growth habit and develops a crown spread approximately 
equal to its height. The species suckers profusely under cultivation. 
It appears to be a desirable species for erosion control and wildlife- 
cover purposes. 

Juglans cinerea.—This species has been planted to a very limited 
extent in the area. Trees were killed back in varying degree each year, 
primarily as a result of insufficient moisture. In the test block sur- 
vival dropped to 11 percent by the time the trees were 15 years old. 
The species is not recommended for planting in the area. 

Juglans mandshurica.—This species was tested at the Mandan 
station only. The trees suffered severe winter killing each year. The 
species is not recommended for planting in the area. 

Juglans nigra—This species was tested throughout the area. Kill- 
ing back and losses were heavy in dry-land plantings during the 
severe drought years of 1934 and 1936. The species is difficult to 
transplant. It has no value as a dry-land windbreak tree but is 
suitable for windbreaks under irrigation. A light crop of nuts was 
produced most years in the Mandan test block. 

Juniperus communis.—This species, native to the area, has been 
used extensively for ornamental purposes. It is frequently found 
growing in the shade of other species. When planted in the open the 
folhage is subject to “burning” during the winter months. This 
burning was responsible for the loss in the test block. The species 
has no value for windbreak purposes but is a desirable ornamental. 
It is quite drought-resistant and can develop considerable spread. 

Juniperus monosperma.—This species, native to the Wyoming sec- 
tion of the northern Great Plains, killed back repeatedly. It is 
recommended only for its native habitat. 

Juniperus scopulorum.A—This species, native to the western two- 
thirds of the northern Great Plains, is hardy except for the ‘‘burning”’ 
of foliage on trees exposed to northwest winds during the winter. It is 
highly recommended for dry-land windbreak and ornamental planting 
in the area. Among conifers, J. scopulorum is one of the easiest to 
establish. 

Juniperus virginiana.~A—This species is native to the eastern edge 
of the area and has been planted fairly extensively in windbreaks. It 
is quite hardy and is highly recommended for both windbreak and 
ornamental plantings (fig. 4). The foliage occasionally suffers from 
‘burning’ during the winter. The species transplants fairly readily. 


station. It did well until the drought of 1934, when survival dropped 
to 4 percent. The species is not recommended for dry-land planting 
but is believed to be suitable for planting under irrigation. 

Larix laricina.—Testing of this species was confined to the Mandan 
station. The behavior of the trees was similar to that of Z. decidua. 
It can be recommended for planting under irrigation only. 

Larix sibirica.—Testing of this species was confined to the Mandan 
station, where it was free of winter injury. It is recommended for 
dry-land and irrigated windbreak planting in the area. 


* This species is an alternate host of cedar rust of apples, a disease injurious to 
apple trees. 
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Ficure 4.—Juniperus virginiana is quite hardy and is excellent for windbreak 
plantings. 


Maackia amurensis.—Testing of this species was confined to the 
Mandan station. The trees proved to be cold-hardy and drought- 
resistant. The species has an upright growth form and a spreading 
crown. The data indicate that it is highly satisfactory for planting in 
the area, either as a windbreak or an ornamental tree. 

Malus baccata.—This species has been extensively planted in the 
area as rootstocks for apple and crab trees and to a limited extent for 
windbreak purposes. The trees in the test block did well until the 
drought of 1934, when a high percentage died. They did not suffer 
severe winter injury at any time. The species gave highly satisfactory 
results in some farm windbreak plantings. It is recommended for 
such planting on the more favorable moisture sites. 

Phellodendron amurense.—Testing of this species was confined to 
the Mandan station. Results were variable. One introduction 
(3991), which originated at Kiev, Russia, was killed out by the 
drought of 1934. The other introduction (P. I. 65638), brought in 
from Manchuria, proved to be more hardy. The data indicate that 
the species is worthy of trial for windbreak and ornamental purposes 
in the area. 

Picea engelmanni.—This species is native to the higher altitudes of 
the western part of the area. The trees suffered no winter injury 
but lost most of their needles during the severe drought years of 1934 
and 1936. Only 11 percent of the trees became established. They 
made a very dense growth, which is highly desirable for windbreak 
purposes. 

Picea glauca.—This species has been planted to a limited extent in 
the area. Heavy winter injury and losses occurred during the severe 
drought years of 1934 and 1936. The species is recommended for 
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Figure 5.—Trees of Picea glauca var. fet suffered heavy killing pack aa 
losses during the drought year of 1934. The species should be planted only 
under irrigation or on sites of favorable moisture supply. 


planting only on the more favorable moisture sites and under irrigation. 

Picea glauca var. densata.—This species has been extensively 
planted for windbreak and ornamental purposes. Behavior of the 
trees (fig. 5) was similar to that of P. glauca, and the recommendations 
are the same. The species is difficult to establish in dry seasons. 

Picea koyamai.—Testing of this species, consisting of only one tree, 
was confined to the Mandan station. The tree suffered severe kil ling 
back during the first 4 years and little or no injury during the remaining 
7 years of its life. It is not recommended for planting in the area. 

Picea mariana.—Testing of this species was confined to the Mandan 
station. Heavy killing back and losses occurred during the severe 
drought years of 1934 and 1936. It cannot be recommended for 
dry ‘-land vans but might be satisfactory under irrigation. 
as been extensively planted for 
windbreak and. or nant purposes. Severe winter injury and 
heavy losses occurred during severe drought periods only. Tops of 
occasional trees planted on very dry sites have been killed back in some 
other years. P. pungens is a very desirable windbreak and ornamental 
tree, but it should be planted only on the more favorable moisture 
sites or on those receiving urigation. The species is difficult to 
establish in dry seasons. 

Pinus banksiana.—This species was planted fairly extensively in 
windbreaks prior to the first severe drought year (1934). Some 
killing back and losses, resulting from the lack of sufficient moisture, 
took place in most years. The injury and losses became heavy during 
the severe drought years of 1934 and 1936. The species is recom- 
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Ficure 6.—Trees of Pinus edulis (foreground) made little progress in height in 
11 years. Terminal growth killed back each year. The species is not recom- 
mended for planting in the area. 


mended for planting only on sandy soils that have a high water table 
or on soils that can be irrigated. 

Pinus contorta var. latifolia.—This species is native to the western 
part of the area. It has been used to a very limited extent for wind- 
break planting. Only minor winter injury has ever occurred. The 
data indicate that the species has promise for windbreak planting in 
the area. 

Pinus edulis.—Testing of this species was confined to the Mandan 
station. erminal growth was killed back each year and the trees made 
small progress in height (fig. 6). P. edulis is not recommended tor 
planting in the area. 

Pinus flexilis—Testing of this species was confined to the Mandan 
station. It is native to the higher elevations in the western part of 
the area. A small stand of native trees was discovered in south- 
western North Dakota in 1942 by Richard Wilhams. Although the 
trees in the test block made little growth during the first 8 years, 
eood progress was made after that. The trees suffered no winter 
injury. Data indicate that the species is satisfactory for windbreak 
planting in the area. 

Pinus nigra.—A small number of plantings of this species has been 
made in the area. The trees suffered minor killing back in some years 
and severe killing back in a few—as in 1942, when the temperature 
suddenly dropped to 16° F. in mid-September. The species should 
be planted only on the more favorable moisture sites or under irriga- 
tion. It is best adapted to the southern part of the area. 

Pinus ponderosa.—This species, native to the western two-thirds of 
the area, has been planted extensively in windbreaks. Winter injury 
was of a minor nature except in suppressed trees, which frequently 
suffered severe injury. The species will not thrive in shade. The 
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Ficure 7.—These trees of Pinus ponderosa are 33 years old. Although the 
species frequently is difficult to establish, it is excellent for windbreaks either 
under irrigation or in dry-Jand conditions. 


trees lost most of their needles during the severe drought years of 
1934 and 1936. The species makes an excellent dry-land or irrigated 
windbreak tree (fig. 7), but is frequently difficult to establish. 

Pinus resinosa.—This species was tested throughout the area. The 
trees killed back severely and losses were heavy during the severe 
drought years of 1934 and 1936. The species is not recommended for 
dry-land planting. 

Pinus sylvestris (1174) —This species was tested throughout the 
region. Heavy killing back and losses in stand occurred during the 
severe drought years of 1934 and 1936. P. I. 65796, tested at the 
Mandan station only, appears to be much more hardy. The species 
can be recommended only for planting on the more favorable moisture 
sites and under irrigation. 

Pinus tabulaeformis —Testing of this species was confined to the 
Mandan station. Of six plantings made during the drought years, 
only one tree became established. This tree made fair progress. The 
species may have some promise for planting in the area. 

Populus acuminata.—This species is native to the western part of 
the area. The trees suffered variable winter injury each year. Sixty 
percent of the trees died by the sixth season and all were dead at the 
end of the eleventh season. /. acuminata is not suitable for dry-land 
planting, but is recommended for planting under irrigation. 

Populus alba var. nivea——This species has been planted for orna- 
mental and windbreak purposes on many dry-land and irigated 
farms throughout the area. It is not satisfactory under dry-land 
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conditions but is highly successful under irrigation. Root suckers, 
which frequently come up at long distances from the trees, are objec- 
tionable if the trees are near gardens or lawns. 

Populus angustifolia.—This species, native to the western part of 
the area, suffered heavy winter injury and loss during the severe 
drought years. It is recommended for planting under irrigation only. 

Populus balsamifera.—This species has been planted to a limited 
extent in the area. It suffered frequent killing back and heavy losses 
before the severe drought years. It is not recommended for dry-land 
sites but would be satisfactory where there is a plentiful supply of 
water for irrigation. 

Populus berolinensis—This species was tested at the Mandan 
station only. Winter injury, while not severe, was variable from year 
to year. Most of the trees died prior to the first severe dr ought year 
(1934). The last ones died that year. 

Populus canadensis var. eugenei—This species was extensively 
planted in the area during the early years of settlement. It was not 
satisfactory on dry-land sites but gave good response under irrigation. 
The species is susceptible to canker and leaf-rust infection. 

Populus candicans.—This species, tested only at the Mandan 
station, suffered such heavy winter injury, canker infection, and loss 
during its early years that it is not recommended for planting: i in the 
area. 

Populus deltoides.—Testing of this species was confined to an intro- 
duction that suffered heavy winter injury and loss during its early 
years. Many of the trees were badly infected with canker. It cannot 
be recommended for planting in the area. 

Populus generosa.—Testing of this species was confined to the Man- 
dan station. The trees made quite satisfactory progress and appear 
to have promise for planting in the area. 

Populus ngra.—The two introductions of this species tested showed 
considerable variation. Introduction P. I. 34795 remained free of 
appreciable winter injury. It is recommended for either dry-land or 
irrigated windbreak planting. The other introduction, P. I. 34796, 
suffered heavy killing back and losses before the severe drought years 
and cannot be recommended for planting in the area, 

Populus nigra var. betulifolia.—This species was tested at the 
Mandan station only. Winter injury was present each year. Further 
testing 1s needed before recommendations can be made for this species. 

Populus nigra var. italica.—This species has been planted to a limited 
extent in the area. Winter injury occurred most years and losses began 
early in life. The species is recommended only for planting where 
there is a plentiful supply of irrigation water. 

Populus petrowskiana.—Testing of this species was confined to the 
Mandan station. Severe killing back and heavy losses did not occur 
until the severe drought year of 1934, when a high percentage of the 
trees died. The remaining trees died in 1935. All trees were badly 
infected with canker at the time of their death. The species is not 
recommended for planting in the area. 

Populus sargentii.—This species is native along streams and other 
moist places throughout much of the area. The trees killed back 
periodically and heavy losses occurred early in life. The species is 
recommended for planting under irrigation only. 
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Populus simonvi.—This species was tested at the Mandan station 
only. Winter injury, varying from light to severe, was present each 
year. Despite the fact that no loss has occurred in stand, the killing 
back which has taken place in years of above-normal rainfall prevents 
the species from being recommended for planting in the area. 

Populus tremuloides.—This species is native to the entire area. The 
trees are found in ravines, in depressions on the open prairie, and on 
sites where there is a good supply of moisture. The data indicate that 
it is not suitable for dry-land windbreak planting, but that it will give 
satisfactory results when planted under irrigation. 

Populus spp.—These species include the so-called Canadian, Nor- 
way, and Northwest poplars, the first two of which were extensively 
planted in the area during the early years of settlement. The last one 
was widely planted in the area during the period 1922-34. With 
exception of the Northwest poplar, all species were highly subject to 
killing back and loss of stand, even before the severe drought years. 
Leaf rust was present in most years. Trees weakened by any cause 
became susceptible to borer infestation and canker infection. The 
Northwest poplar, native to North Dakota, and usually considered a 
cross between P. sargentii and P. tacamahaca, appeared to be the most 
drought-resistant species in years of normal rainfall. All of these 
species are suitable for windbreak planting under irrigation. 

Prunus americana.—This species is native to the entire area. It 
erows in thickets on some of the more favorable moisture sites. Plant- 
ings on dry land suffered heavy injury and loss during the severe 
drought years of 1934 and 1936. The species suckers profusely under 
cultivation. These suckers give good cover even though the original 
trees die out. The species is recommended for windbreaks and for 
wildlife-cover plantings on the more favorable moisture sites and under 
irrigation. 

Prunus pensylvanica.—This species is native to the extreme eastern 
edge of the area. It has been tested only at Mandan. The trees 
suffered heavy winter injury and loss during the severe drought years 
of 1934 and 1936. The species is recommended only for planting 
under irrigation. 

Prunus serotina.—This species was tested at the Mandan station 
only. Some winter injury occurred each year. The trees usually 
produce an abundance of fruit, which is readily eaten by birds. The 
species is recommended for wildlife-cover planting under irrigation or 
on the more favorable moisture sites. 

Prunus virginiana var. melanocarpa.—This species is native through- 
out the area. The shrubs suffered no appreciable amount of winter 
injury but became infected with X-disease in the last few years of the 
test. This infection resulted in the killing back or death of a number 
of shrubs (fig. 8). As X-disease spreads from chokecherry to domestic 
stone fruits, it is recommended that this useful hardy windbreak 
species not be planted close to stone-fruit orchards. 

Pseudotsuga taxifolia——This species has been planted in very 
limited quantities as an ornamental. It also is native to some parts 
of the Plains area of eastern Montana. Winter injury was severe 
during the drought years of 1934 and 1936 only. Heavy losses in 
stand occurred in 1936 and 1937. The species is a highly desirable 
windbreak or ornamental tree, but plantings should be confined to 
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FIGURE ee ohne ar ee virginiana var. Hlaniains badly infected with 
X-disease. This hardy windbreak species should not be planted near stone- 
fruit trees, as it is the host for the X-disease. 


irrigated sites or those with very favorable moisture conditions. 

Quercus macrocarpa.—This species is native to most of the area. 
The trees are both cold- and drought-hardy but have a reputation 
of being slow growers. Trees grown under clean cultivation on dry 
land and free of other competition averaged about 1 foot of growth 
per year. Seedlings are usually difficult to transplant because of 
their taproot habit of growth. The wood is highly valued for fence 
posts. The species is recommended for windbreak and wood-lot 
plantings, both on dry land and under irrigation. 

Rhamnus cathartica.,—This species (fig. 9) has been planted to 
some extent for hedge purposes. It is extremely cold- and drought- 
hardy and has a shrubby, dense habit of growth. &. cathartica 
is a highly desirable shrub for windbreak purposes. 

Rhamnus davurica.,—This species was extensively planted in the 
area after the mid-1930’s. It has proved to be both cold- and drought- 
hardy. The shrubs make a dense growth and can develop a crown 
spread that equals or exceeds their height. As the wood is very 
brittle, stems and branches are easily broken by drifted snow. The 
shrubs are prolific seed bearers. The seed ripens in late October 
and remains on the shrubs throughout the winter unless eaten by 
birds. The species is highly recommended for windbreak, ornamental, 
and wildlife-cover purposes. 

Rhamnus saxatilis.°—This species was tested at the Mandan station 
only. The plantings suffered no winter injury, and the data indicate 
that the shrub may be very suitable for windbreak planting. 


> Species of Rhamnus, with the possible exception of FR. frangula, which was 
not tested, are alternate hosts of crown rust of oats. They should not be planted 
In areas where oats are grown to much extent. 
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FicurE 9.—These shrubs of Rhamnus cathartica were plantedia on de een ain 
slope in 1918. By 1950 only 2 percent of them had died. The species is 
highly desirable for windbreak purposes. 


Rhamnus sp. (P. I. 65773).°—This species was tested at the Mandan 
station only. It proved to be both cold- and drought-hardy. The 
data indicate that it is suitable for windbreak planting. 

Rhus trilobata—This species is native to the area, where it grows 
in bottoms, ravines, and on hillsides. It seldom exceeds a height 
of 2 to 3 feet on dry sites but can reach heights of 10 to 12 feet on the 
more favorable sites of moisture supply. The species is quite hardy, 
but the low growth habit on dry sites limits its use in those locations 
to wildlife-cover purposes. 

Rhus typhina.—This species has been used to some extent for 
ornamental and wildlife-cover purposes in the area. Winter injury 
and losses occurred in occasional years prior to 1934 and became heavy 
in that and the following year. The shrubs are attractive ornamen- 
tals in the fall, when the foliage becomes highly colored. However, 
the suckering habit of the species is objectionable in lawns. R. 
typhina is recommended only for ornamental and _ wildlife-cover 
plantings under irrigation. 

Rosa multiflera—This species was not tested long enough to 
permit definite recommendations. However, the data to date indi- 
cate that it has no promise for planting in the area. The shrubs 
were killed to the ground or to the snow line each winter. A rank 
erowth sometimes 8 feet long was made each season. This semi- 
prostrate growth provided excellent cover for wildife during the 
summer months. 

Salix daphnoides.—This species was tested at the Mandan station 
only. Winter injury and losses in stand were heavy before the severe 
drought year of 1934. The species is not recommended for dry- 
land planting but presumably would be satisfactory under irrigation. 

5 Species of Rhamnus, with .the ‘possible ‘exception”of R. frangula, which was 


not tested, are alternate. ‘hosts of crown rust of oats. They should not be planted 
in areas where oats are grown to much extent. 
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Salix fragilis ——This species has been extensively planted in the 
area under several common names. Winter injury and loss varied 
from light to severe, largely dependent upon soil moisture conditions 
in the fall. The species has been used to a considerable extent for 
ornamental purposes, but has been objectionable because of the 
continual dropping of twigs and small branches. Another unfavor- 
able feature is the usually heavy aphid infestation, which is objection- 
able on trees close to houses. The species is recommended for 
windbreak planting only on favorable moisture sites or on those 
receiving irrigation. 

Salix matsudana.—This species was tested at the Mandan station 
only, where it suffered severe winter injury almost every year. The 
species has no possibilities for dry-land planting, but under irrigation 
it may have some value as an ornamental because of its crooked shoot 

rowth. 

: Salix matsudana f. umbraculifera.—This species was tested at the 
Mandan station only. The tree suffered some winter injury each 
year. The species does not appear to have any promise for dry-land 
planting. 

Salix missouriensis.—This species is native to the area, where it 
erows on bottoms that usually are flooded each year. The trees 
killed back repeatedly under dry-land conditions. Suckers that grew 
profusely from the roots of these trees seldom lived for more than 5 or 
6 years. Behavior of the species on the bottom lands was somewhat 
similar to that under dry-land conditions except that the stems of the 
trees lived longer and grew to a greater height. These stems make 
excellent fence posts that find a ready market. The species is recom- 
mended for planting only for wood-lot purposes on sites that are wet 
or which usually are flooded each year. 

Salix pentandra.—This ‘species was tested in windbreaks and to a 
limited extent as an ornamental. Winter killing and losses in stand 
occurred most years. The species is highly desirable for windbreak 
plantings under irrigation. It is also the most desir able willow 
species for ornamental purposes. 

Shepherdia argentea.—This species is native throughout Wwe area. 
The shrubs grow along streams, in ravines, and on the north slopes of 
hills. The species suffered heavy killing back during the severe 
drought years of 1934 and 1936. It is highly susceptible to heart rot 
infection caused by Fomes fraxinophilis (Pk.) Sacc. forma ellisvanus 
(Ff. W. Anders) Baxter. Breakage by wind and snow frequently 
occurs as a result of this disease and brittleness of the wood. Wind 
frequently uproots cultivated trees or twists them off at the ground 
line. Because of this the species is not recommended for windbreaks. 
However, it can provide good cover for wildlife throughout the year. 

Sorbus americana.—This species has been planted on a very limited 
scale for ornamental purposes in the area. Winter injury and losses 
occurred in most years. Stems were very susceptible to sunscald. 
The species is of no value for planting on dry land but is a desirable 
ornamental under irrigation. 

Sorbus aucuparia.—This species was tested at the Mandan station 
only. It behaved similarly to S. americana, and is therefore of no value 
for dry-land planting. It is a desirable ornamental under irrigation. 

Syringia amurensis.—This species has been planted to some extent 
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in the area for hedge or ornamental purposes. It was tested as an 
ornamental at the Mandan station since 1916. The species suffered 
winter injury during the winter of 1949-50 only. It does not sucker 
under cultivation as do some other lilac species. The data indicate 
it to be very suitable either as a windbreak shrub or as an ornamental— 
in either group or trimmed-hedge form. 

Thuja occidentalis —This species has been planted to a very limited 
extent in the area. Some winter injury occurred each year, and losses 
were very heavy during the severe drought years. The species is not 
recommended for dry-land planting but is fairly satisfactory for orna- 
mental purposes under irrigation. 

Tilia americana.—This species is native to the eastern edge of the 
area and has been planted in some other parts of the northern Great 
Plains as an ornamental. The trees in the test block suffered winter 
injury each year. This resulted in a many-stemmed, shrubby type 
of growth (fig. 10). Trees planted nearby under irrigation escaped 
winter injury and developed a tree form of growth. The species is 
highly recommended for planting under irrigation. 

Tilia europaea.—This species was tested only at the Mandan 
station. The heavy winter killing and losses in stand which took 
place during the severe drought years prevent the species from being 
recommended for dry-land planting. It may possibly be satisfactory 
for planting under irrigation. 

Ulmus americana.—This species is native to much of the area. It 
grows in bottoms and other favorable moisture sites. The trees have 


Figure 10.— As the result of killing back each year, these trees of T7lia americana 
growing under dry-land conditions developed multiple stems and a shrubby 
type of growth. Under irrigation, for which it is highly recommended, the 
species develops a tree form of crowth. 
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been used extensively in windbreaks and for ornamental planting. 
Killing back frequently occurred during dry periods. Bark beetles 
infested weakened trees during the severe drought periods and made 
the trees more susceptible to killing back or loss of stand. The species 
gave an excellent response under irrigation. Under dry-land condi- 
tions the species gives the best response on the lhghter soils. More 
frequent killing back takes place on the heavier soils. 

Ulmus campestris —Testing of this species was confined to the 
Mandan station. Most of the trees suffered frequent winter injury. 
Such injury was severe during the drought years of 19384 and 1936 
(fig. 11). The species has no value as a dry-land windbreak tree but 
may have limited worth under irrigation. A shrubby type of growth 
makes the species less desirable than U. americana. 

Ulmus carpinifolia var. umbraculifera.—This species was tested at 
the Mandan station only. Several of the introductions lived for only 
2 or 3 years. The species is not recommended for planting in the 
area, 

Ulmus fulva.—This species is native to the eastern edge of the area. 
It has not been planted to any appreciable extent in windbreaks. 
Winter injury was severe during the drought years of 1934 and 1936. 
Some injury during those years was caused also by a heavy infestation 
of bark beetles. Most of the losses occurred during that time. The 
species is recommended for planting under irrigation and also on 
hghter soils under dry-land conditions. 

Ulmus japonica.—Testing of this species was confined to the 
Mandan station. Winter injury was minor, only tip injury being 


FicgurE 11.—Some trees of Ulmus campestris were killed to the ground by the 
middle of summer during the severe drought of 1934. Trees that remsined 
free of winter and drought injury that year killed back severely during the 
ote year of 1936. The species is recommended for planting under irriga- 
tion only. 
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recorded during the severe drought years. The species has a good 
form of growth and the data indicate that it is highly satisfactory for 
windbreak planting. 

Ulmus parvifolia.—Testing of this species was confined to the 
Mandan station. The trees suffered severe winter injury almost 
every year. During the period this species was under test, it showed 
no promise for planting in the area. 

Ulmus pumila—This species has been extensively planted on the 
northern Great Plains for both windbreak and ornamental purposes. 
Its behavior has been somewhat erratic in that very heavy killing 
back and losses occur in some years for no apparent reason. Severe 
freezing temperatures early in the fall, such as occurred in 1942, 
resulted in heavy killing back and loss. Heavy losses that occurred 
in some years cannot be traced to any climatic factor. The species 
seldom sets terminal buds before late in the fall. The late retention 
of leaves and brittleness of the wood makes exposed trees subject 
to wind and sleet breakage. Young trees are quite susceptible to 
damage by rabbits. Despite the unfavorable factors, the species is 
recommended for windbreak planting on all except wet sites. Trees 
should not be irrigated in late August or in September and they 
should always be planted among other species. U. pumila was 
introduced from China in 1908 as Chinese elm. It is now generally 
known as Siberian elm. 

Ulmus hybrids.—These trees are natural hybrids. U. pumila is 
one parent and U. fulva is possibly the other. The hybrids were 
selected from a nursery field of the Soil Conservation Service at 
Vermillion, S. Dak. In the test block, four of the trees lacked vigor 
and suffered repeated winter injury before dying between the fifth 
and eleventh years. The other trees suffered no injury and maintained 
a vigorous condition. A high percentage of these trees have an 
excellent growth form (fig. 12) that is free of the heavy branching and 
sharp crotches so characteristic of U. pumila. Most of the trees 
drop their leaves and set terminal buds before the advent of cold 
weather. Hybrid trees with U’. pumila as one parent are believed to 
have considerable promise for windbreak and ornamental purposes 
in the area. 

Zelkova serrata.—Testing of this species was confined to the Mandan 
station. Some winter injury occurred each year but was severe in 
the drought years of 1934 and 1936 only. Young trees of the species 
are highly susceptible to rabbit injury. The species has some promise 
for windbreak planting in the area. 

Zelkova sinica.—Testing of this species was confined to the Mandan 
station. Some winter injury occurred in most years and was severe 
following a heavy freeze in September 1942. The data indicate that 
the species is suitable for planting 1m the area. 


RECOMMENDED SPECIES 


Tree and shrub species recommended for planting on the northern 
Great Plains must be highly resistant to long periods of freezing 
weather, during which time the temperature may sometimes drop 
to as low as —63° F. A very limited amount of moisture is usually 
available to species in dry-land plantings. In some years the total 
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Figure 12.—A high percentage of Ulmus hybrids with U. pumila as one parent 
have an excellent growth form. It is believed that the hybrids hold consider- 
able promise for windbreak and ornamental purposes in the area. 


rainfall may not exceed 6 or 7 inches. Also, the evaporation rate 
during the growing season is generally very high. 

Not all of the species listed in table 4 can be recommended for 
planting in the area. Some died shortly after passing the 10-year 
mark; others survived for much longer periods but exhibited unfavor- 
able characteristics. A few species were tested for only a short time. 

Most of the data are based on trees grown under dry-land conditions. 
However, observations were made of a number of species (not in test 
plots but corresponding to test species) that were under irrigation 
or were growing under favorable moisture conditions. These ob- 
servations as well as the test data have been drawn upon in making 
up the recommended list of trees and shrubs and their suggested uses 
that are presented in table 5. 

Many species that killed back repeatedly or failed under dry-land 
conditions were found to be hardy and of long life when given supple- 
mental water. Examples of such species are those of Populus and 
Saliz, which under dry-land conditions killed out at comparatively 
early ages and suffered heavy winter injury during the period they 
were alive. Identical species planted a short distance away at ap- 
proximately the same time, and under irrigation, did very well in 
their 35 to 40 years of growth. 

The application of irrigation water at the proper seasons of the 
year was highly beneficial to most trees and shrubs; its use is highly 
recommended. Irrigation early in the fall may sometimes prove 
harmful to species of indeterminate growth habits in that it tends to 


CIRCULAR 912, U. S. DEPARTMENT OF AGRICULTURE 


— 
SH 


OOUDUO DOU DOU DUUUOUODUOOODODI 
BONA OROOODUOOOR PRA AAOOOUOOUSS 


DO RU OROR ORO ORE OROUOURUOORURO! 


Suor} 
uOIyes | -Ipuod 
ILI] purl. 
-AIqG, 


—, Jopun osuodso. 
YIMOLs OF XOpuy 


ay)? fig suorpasasgo uo pasng ‘suidD]q Wass) Usay LOU ay} UO buYyunjd sof papwawmuUorad 


IQAOV 
spe} uel om aero 
eue° | -pria «-pura uy 
ey LOW 


~~ AUTIGeyINs 0} Xopuy 


poyso} 
SIvodk 
JO 10q 
-UINNY - 


FASS AAA AAAS AS AOA AAS AAA 


>> -qnayg 
OO mars 


aSUaINWUD UOLPUIPO)/AY 


DIVAQIS LIAD'T 
punwUbsa snaadiun f- 
wnwojndoos sniadvun p 
SS ALR Coe day ER POTS URS Sa aL te STUNWULOD SNLAdIUN f° 
UOLPUAPOIMY UOLPUapOUrDY FT 
DID]OIIUD) “LBA DILUDALisuUad SnUIXDA 
Fee RR ee oa WEVA Ae EG TE ee CE Pa DADIU SNUILDA 


DUDIVIWD SNUILDA JJ 
pryofisnbun snuboavnpy 
SL Ae eta en Sees pL SUDIUIPVIIO $1})]9/) 
(ZEE801 “I ‘d) ‘ds vunboung 
(TGO80I ‘I ‘d) ‘ds vunboung 


(FOOLOT “I ‘d) “ds vunbouwng 
aD 2 tly UT aks o ieee ae Oe ante papublid pnuvbo.n,) 


DILINYSpunUl “LBA DI]fiydosvU DUdbdAD: 
ROSE Me ae Mice CP eum epi eas oe raynsf DUDBDLD, 
SUIISILOQID DUDBDID 
inosine ParcTied © Ueeain En pyofindod vinjag 
Shh ee oP a DLA{IUOIO]S LALYIUDIAW 
geri: SOLER 2 teenage wee eae EN Te ey UNIVADID] LOO 
WNULLDYIIDS LIV 
SiS pegs 1 ae oR eah EEE ee apt Se = he opunbau say 
GEE Sy aOR ene as ade UNILNYSPUDUL Lad 
per ae Sh Ae er Spier eee on at Bas Eemaana cars DIDUUB Lady 


OUIBU DYTYWIDG 


OS-SI6T “4D “N “Uppunpy wD uouns pjayf 


savaads Qndsys Pub da4 J, —'S ATAV I, 


45 


‘uUMOUYUN—V ‘oin[lejJ—y ‘eTqvlawA—A -lood—q ‘poop—) ; 


“poyinsun—/} Ie J—A /pooy— ¢ 
“OPIM—M ! ‘ UINTpauI— | - MOLIBN—N Zz 
‘T1383 — , {uuntpoew—yy ‘ MOT—]J 1 


fl v ul A ro) ¥G W ie ee OP gel aak Bie Fee a ae en en ee DIUIS DAOY]AY 
7, rat ro) ue ul A 8ST W ING ce ee (0) eee, a eee ees ee ee epee DIDLLIS DAOY]I / 
S| v x) ul Af 2) bE W oe eae ae OP a eave iis len ee ae pjiund snw)/) 
= 1 ro) A al <) GG W IN oS eas (6) Ops ried rete einige rn er Ten Se povuodnl snuj/> 
Py 9) d 2) A re) cE M We ee OD Se ee ee ee Se ee ee paynf sn} 
7, ro) ro) 72) ui ro) 9€ M eee ODS a0 tae aie core Gee 2 ee ore DUDILIUWD SNUL]/) 
ce ro) d O ul ro) SE W A eres eRe DOT pela tenes oh Re eae ee ee een DUDITAIUD DYLT 
sa ro) v ro) A ro) L W ING Sees O Pisa 2 chairs en an ee ae eee sisuainwmn viburshigy 
i ro) ul r?) ul ul GE W ING ee OD Gs ou ae eae te eee DUDIIIWD SNGLOY 
ac ro) ro) ul 9 AL ee W T CMU | awa niees Cr eee y sue ake najuabun nipaaydays 
jo) 0 ut ro) A ro) 9€ M ING oo) Sees OD en ae eet ie eee pipunjzuad xo 
4 ro) ul ul ul re) 9€ M INE eS OOU 4 e oa Sop ee en ee ar greet suprbouf xuvy 
SI 2) v 0 ro) ul GE W Gis ease OP 22 Ris gy eee Ree ees gee eee DIDGO]UL) SNY A 
aa 9) ra) re) re) 1) &% WW Nicaea 2s ODEs Peter eo ee Sarre (@2269 "T ‘q) ‘ds snuwpyy 
a ro) re) ro) 2) ~) CT W ING Ss Slaeies OPac sl Seu ane cr oaks eee eee spioxvs snumpoy y 
Re wy) v 2) 2) 3) &% M IN = sees ODS EG e Sipe vi Se ee ie DILUNADpP SNUWOYY 
) re) re) ro) +‘) ro) €& W W SES QMaUG es, on fo ea en SO ge ee DI’YLDYIDI SnUWoYY 
Fa ) ro) ad A Kr) eT W Wee los es OD ala ee ee eee DALDIOLIDUL SNILAN) 
an 7) d ro) ro) ro) Cs WW ate eee OO or ese ae te Gk peta NATE nyofirn) Dbnsjopnasd 
a r3) ro) A re) 3) eg W Nese OP 7a Rates gee DALDIOUD/IUL “IBA DUDIUIBLIA SNUNLT 
S ro) d A 1) A ce M JN eee OP se Pearce Se ie ee ee eee DULJOLIS SNUNIT 
ae ro) d A ‘) ) cg W W ERC INLU Gs os eo warts serge ions ane DUDIIIWD SNUNMT 
2) ro) ul ro) ul 72) 9€ M lt oie OPe 7 sine Rae ee a (WsomyQION) ‘ds snyndog 
a ro) d 79) ul ) cE M iat fleas Oe ss bene er es djuabupos snyndog 
7 ro) 72) 7?) A 72) cg M il Venere eee OP eae er ees oe ee Le ere ae vib snjndog 
< ro) ro) ul A ro) QT W een eee Gh ONES g mone ee ae en aeericed as Mr psoiauab snpndog 
nD 0 ul r2) ue ) 9€ M Te lee OD eer poe gators Siete = peta paaiu “IVA pq snyndog 
ea] ro) A A Cl x) ce M Alber: allies OPec| eos Meee eae cee ec emer Dipurvunsay snyndog 
ea re) d 79) 2) 9) cg W etc OD coasts oo ee re eT S1ujsaaphs SnUlg 
= 72) ro) 2) ro) ) GE W le 2s ens OD r | Hae qe tear ee len ene inerer es ee psolapuod snurd 

ro) d ro) 72) ‘o) SI Ww ING es eae 0) Ozu ae pie artis rain tian os ya or meet pub snurg 

17) r9) 2) 9) D 91 W ee am ee (Oh geal iene Seis ee pny i ees er suprxayl SnUl 

ro) d O ro) ro) O€ W Me lca cee OD Ror eer nee hae ote DUO fIJD] “ABA DJLOJUOI SNULT 

o d 1?) 19) 9D cE W Cen eo OPiesal ee ag ek ec ck a a ae suabund nad 

2) d i) 9) 3) cE WW Shea eee ODe velar as eso ae oatauaroe psuap “IBA DINDIB DAILT 

2) d 9) 0) ) 0€ W ier | ee (G) Oecd || aren aie eee sens ET a NT Ne ES ponn)b 09Itq 

o v 12) 2) 12) 6G W Tle] mrp Deana eed tea mS Ts TTS EE Se RIOD peach 


* 
46 CIRCULAR 912, U. S. DEPARTMENT OF AGRICULTURE 


delay maturity of the wood and setting of terminal buds. Most re- 
search workers agree that irrigation in late summer and early fall re- 
duces the resistance of plants to frost injury.® Fall irrigation of im- 
mature trees should be delayed until they are dormant. 

The form of growth and the comparative height and crown spread 
given in table 5 for each of the recommended species are the normal 
ones. Long dry periods or unfavorable soil types may prevent some 
of the species that normally have a tree form of growth from ever 
becoming more than medium or tall shrubs. Close planting such 
as that often practiced in landscape groups may prevent full develop- 
ment of the crown. Such planting frequently results also in either 
weak, suppressed trees or forced height growth at the expense of 
trunk diameter and crown-spread growth. Proper planting arrange- 
ment and maintenance of the best possible growing conditions will 
do much to assure the most satisfactory development of the trees. 
Information on growing trees for windbreak and other purposes on 
the northern Great Plains may be obtained by writing the County 
Agricultural Agents or Extension Service Foresters of the respective 
States; the Northern Great Plains Field Station, Mandan, N. Dak.; 
or the Office of Information, United States Department of Agriculture, 
Washington, D. C. 


6 Levitt, J. FROST KILLING AND HARDINESS OF PLANTS. A CRITICAL REVIEW. 
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